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Indeed Randomized Controlled Trials (RCTs) offer solutions to some of the issues that have been raised against observational studies, for example, treatment effect identified by observational studies are prone to methodological weaknesses such as selection bias and confounding.[@ref1][@ref2] However, this assertion is only correct for a well-designed RCT. A clear understanding of design concepts and procedures in a controlled trial by researchers is very germane to a successful experiment. Such concepts and procedures are what define and distinguish a RCT from observational studies. A successfully designed RCT requires a succinct reporting on how such procedural concepts have been carried out at the design stage of the experiment, and thus, the need for trial researchers to be well informed on their demands and requirements. Furthermore, the risk of bias associated with particular RCT study is graded based on such information. This review attempts to aggregate current knowledge scattered in literatures in respect of selected common design concepts in RCT so as to elucidate on their meaning and demands. It is anticipated that this article would provide helpful hints for educational purposes and also contribute immensely to enhancing the design of future controlled experiments.
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A narrative synthesis of selected common concepts in RCTs was adopted in this review. Search for appropriate literatures was conducted electronically and manually where necessary. Overall, 25 reference materials including articles and books on the selected concepts were drawn from different literature sources: library text materials, and mostly, PubMed database. Appropriate search terms for each of the concepts to be reviewed were entered into the PubMed database and relevant article accessed. The following selected design concepts were considered in this article; study population in RCT, primary and secondary outcome measures, single and multi-center trials, pragmatic and explanatory trials, and blinding.
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Patient selection basically hinges on two opposing principles: homogeneity and heterogeneity of the study population. Both have pros and cons. The more homogeneous the population is, the narrower the population on which the results apply (internal validity) and hence, the smaller the number of patients needed to detect a given difference. On the other hand, the greater the heterogeneity, the broader the basis for generalizing findings at the end of the study-- external validity.[@ref3] In the spirit of a large and simple trial, some authors recommend that eligibility criteria be kept to a minimum.[@ref4][@ref5] They are not to be too restrictive; otherwise, they undermine the external validity of the trial. However, some valid reasons exist for the exclusion of certain participants, for example, contraindication to intervention.

Eligibility criteria for a trial should be clear, specific, and applied before randomization. Trialists should endeavor to avoid exclusion after randomization so as not to disrupt the structure supportive of valid comparison of treatment effect. For the primary analysis, all participants enrolled should be included and analyzed as part of the original group to which they were assigned -- intention-to-treat (ITT) analysis. Mishandling of exclusions causes serious methodological difficulties and undermines trial validity.[@ref6] The aim of the trial is to generalize its results to all patients who are like those randomized and treated in the trial. Without a strict set of eligibility criteria, it is more or less impossible to describe which types of patients the results of the study can be applied.
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The choice of appropriate outcome measures, which can be primary or secondary, has been identified as one of the most challenging activities in the design of a randomized controlled trial.[@ref7] A primary endpoint is used to address the primary objective of the clinical trial, whereas a secondary endpoint addresses a secondary objective of a study. It is necessary that a clear definition of the two be stated. The choice of the most appropriate outcome measures has implications for the cost of the trial, the sample size, the burden that the trial will place on patients and clinicians taking part, and the likelihood that the result of the trial will influence clinical practice; therefore, whichever outcome is chosen, it is important that it has been properly validated in a representative sample of patients for the disease under study.[@ref8]

Information about the effect of a treatment is often gathered in relation to many variables, thus, there is a temptation to analyze each of the variables and look to see which difference is significant between groups. It should be noted that such an approach leads to misleading results. Presenting only the most significant results as if they were the only analyses performed has been described as fraudulent.[@ref9] Thus, it was suggested that the best practice would be to decide in advance of analysis on the main outcome variable of interest for particular trial; data could be analyzed for other emerging variables, but this should be considered as of secondary importance. The results of such secondary outcome variables should be interpreted cautiously and should be seen as ideas for further research rather than as definitive results. The major reason for this is that the study might not have been powered to detect the difference in respect of such secondary variables. It is also important to note that even when the major or the primary outcome variables number more than one, the sample size calculation is usually based only on one variable.[@ref9]
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"Centre" in a clinical trial sense refers to an autonomous unit that is involved in the collection, determination, classification, assessment, or analysis of data or that provides logistical support for the trial.[@ref10] For a trial to be multicenter, it must consist of two or more centers and must involve a common treatment and data collection protocol, with each center to receiving and processing study data. Centers are treated as a stratifying variable in a multicenter trial and as such patients need to be randomized independently unless there is a central coordinated randomizing service.[@ref10]

A multicenter study, unlike a singlecenter study, allows a large number of patients to be recruited in a shorter time as recruitment can take place in each of the centers at the same time. The results are more generalizable since the scope of recruitment is generally wider than that obtained in a single center trial, and the participants are likely going to be more diverse in their attributes. Multicenter trial studies are critical in trials involving patients with rare presentations or diseases.[@ref7][@ref11] Large trials are usually studied when investigating rare conditions. However, when the number of centers is too large, multicenter trials can pose administrative and logistic challenges. In contrast, a single center trial demonstrates homogeneity of the study population since patients enrolled for the trial usually come from the same area.[@ref10] It has been noted that the analysis of data collected in multicenter trials offers challenges because the data from the individual centers must be combined in some way to give an overall evaluation of the differences between the treatments in the trial.[@ref12] However, the practice of combining together all the data and ignoring the centers is not theoretically sound and should, therefore, be avoided. Ideally, the center variable ought to be accounted for in the analysis and be treated as a stratifying.
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Previous authors[@ref13] had earlier reported that Schwartz and Lellouch were the earliest authors to publish on the differences between explanatory and pragmatic RCTs. Explanatory RCTs are intended to assess the underlying effect of a therapy carried out under optimal conditions, whereas pragmatic trials are intended to assess the effectiveness to be expected in normal medical practice.[@ref14] In normal medical practice, patients are sometimes seen not to comply with treatment prescriptions one way or the other; they default, take some other treatments not prescribed, or do not take the treatment when it is due. Explanatory RCTs are usually associated with treatment efficacy in drug trials and are limited in relation to the generalizability of results. This is because of the tight inclusion criteria that are inherent with this randomized controlled trial method, which places artificial constraints on participation that limit the applicability of the findings.

It was however noticed that while this is a particular concern for efficacy (explanatory) studies of drugs, it is likely to be less of a problem in quality improvement evaluations that are likely to be inherent with pragmatic trials that allow for what obtains in normal medical practice, for example, switching of treatment by the patients. Furthermore, efficacy studies assess differences in effect between two or more conditions under ideal, highly controlled conditions, while effectiveness studies assess differences in effect between two or more conditions when used in normal real-world clinical circumstances.[@ref13]

As was observed, a particular treatment approach might be shown to be efficacious but may prove not to be clinically effective.[@ref15] It has been argued that since pragmatic studies aim to test whether an intervention is likely to be effective in routine practice by comparing the new procedure against the current regimen, they are as such the most useful trial design for developing policy.[@ref16] While the explanatory approach recruits homogeneous populations and aims primarily to further scientific knowledge on, for example, underlying pharmacological effects, a pragmatic trial reflects variations between patients that occur in real clinical practice and aims to inform choices between treatments. Pragmatic trials are normally conducted on patients who represent the full spectrum of the population to which the treatment might apply. These patients may demonstrate variation in compliance, have a number of comorbid conditions and use other medication.[@ref17][@ref18] Another important point of difference between these two trials, as was observed,[@ref19] is the use of placebo in explanatory trials. Pragmatic trials would not compare placebo with an active treatment since a placebo is never administered in real-life clinical practice; instead, an existing treatment is compared with a new intervention.

Various authors have argued that in a pragmatic trial, it is neither necessary nor always desirable for all patients to complete the trial in the group to which they were allocated; so as to have a good representation of the population to which treatment may apply. However, patients are always analyzed in the group to which they were initially randomized even if they dropout of the study. Application of ITT analysis is considered to be synonymous to the pragmatic approach.[@ref14][@ref17] Pragmatic trials are well suited to situations where blinding is difficult or impossible.[@ref15] Roland and Torgerson claim, somewhat controversially, that in pragmatic trials, the biases of both clinicians and therapists can be accepted. This, they argue, reflects a normal clinical environment where the expectations of the patient and the therapist may influence the size of the treatment effect. Even in this circumstance, previous authors[@ref20][@ref21] have warned that concealment of randomization is still important, as is blinding the assessor of outcomes to minimize the risk of selection, information, or measurement bias by the researchers. In conclusion, with a pragmatic study, it has been observed that if an intervention is shown to have a beneficial effect, then it has been shown not only that it can work, but also that it does work in real life.[@ref18]
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Blinding in relation to the design method is a procedure by which groups of individuals involved in a trial are made unaware of which treatment the participants are assigned. These groups of individuals may include some or all of the participants, trial investigators or assessors, and data analysts. In some situations, the term masking is preferred to blinding to describe the same procedure. For example, masking might be more appropriate in trials that involve participants who have impaired vision and could be less confusing in trials, in which blindness is an outcome.[@ref22] In a trial, knowledge of treatment allocation can bring about subjective bias by both the patient and the investigator. This can influence the reporting, evaluation, and management of data, and the statistical analysis of treatment effect can also be influenced.[@ref23][@ref24] Knowledge of treatment allocation can also affect compliance and retention of trial participants.

There are some instances in which it may be relatively difficult to achieve blinding. For example, if the new intervention under consideration is a surgical procedure and this is being compared with chemotherapy delivered by tablet, here the difference between the two is clear, and the trial needs be carried out unblinded as far as patients and caregivers are concerned. Such studies are known as open or unblinded. Open or unblinded studies have the advantages of being simple, relatively inexpensive, and a true reflection of clinical practice. Single-blind usually means that one of the three groups of individuals aforementioned remains unaware. In a double-blind trial, participants, investigators, and assessors usually all remain unaware of the intervention assignments throughout the trial.[@ref22] Here, three groups are kept ignorant; thus, double-blind is sometimes misrepresented. It should be noted that in medical research, the investigator frequently assesses, so in this instance, there are actually two groups. Triple-blind usually refers to double-blind trials that also maintain a blind data analyst.[@ref23] The standard guideline for reporting RCT -- Consolidated Standards for Reporting Trials CONSORT, requires investigator not only to use the terms; single-blind, double-blind, or triple-blind; authors must show who was blinded and how and also provide information about the procedure on how it was carried out.[@ref6]
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It is important that trial researchers have a clear understanding of common concepts associated with a successful design of RCT. By this, they would be able to assess the readiness of their intellectual and material capacities to meet the requirements of a successful design and conduct of controlled trials. This will certainly minimize the rate of incorrectly designed RCT in future research endeavors. A strict adherence to those common principles would guarantee a successfully designed experiment.
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